Primary Audience: Nutritionists, Researchers
DESCRIPTION OF PROBLEM
The US has recently placed a major emphasis on increasing ethanol production. The government's reasoning for this increase in ethanol production is due mainly to environmental issues; ethanol burns cleaner and supplies more energy than crude oil [1] . Due to this emphasis, the production of nonbeverage ethanol has climbed to over 2 million gal/year, and additional modern ethanol plants are currently being built that will further increase this quantity. In the production of ethanol, 3 approximately equal components are 1 To whom correspondence should be addressed: batal@uga.edu.
formed: one-third is ethanol, one-third is lost as carbon dioxide, and the final one-third is the byproduct distillers dried grains plus solubles (DDGS). Currently in North America, there are approximately 3 million tonnes of DDGS available to feed producers, and by the year 2005, it is estimated that there will be 5 to 7 million tonnes [2] .
In past decades, DDGS was used as a feed ingredient in poultry diets, partially due to its unidentified growth factors. Later, it was determined that these unidentified growth factors were usually vitamins synthesized during fermentation that were limiting in diets. Thus, feeding DDGS resulted in improved overall performance. By the 1950s, synthesis of these vitamins and availability of trace minerals were common, and DDGS was largely removed from poultry rations and used more in ruminant and pet foods. The DDGS available in the past was from the fermentation of a variety of different grains used by the beverage industry. Today, the DDGS available is almost exclusively from corn fermentation in the process of producing ethanol. Distillers dried grains with solubles have been extensively incorporated into dairy and beef cattle diets, but the levels fed will not fully use the increasing quantities available. The DDGS from modern ethanol plants may be an attractive alternative ingredient for layer diets. Thus, our primary objective was to evaluate the effects of feeding an elevated quantity of DDGS in laying hen rations.
MATERIALS AND METHODS

Experimental Procedures
All procedures were approved by the University of Georgia Committee on Laboratory Animal Care. Hy-line W-36 [3] White Leghorn hens were housed in a completely enclosed fan-ventilated building with elevated wire cages in which they were exposed to a 16 L:8 D daily lighting schedule, and 2 hens were placed in a 12 × 18 in. cage. The experiment was conducted for a 22-wk period from June to October. The hens were provided feed and water ad libitum throughout the study. A total of 4 diets were formulated for the experiment; 2 were commercial diets to observe how DDGS would perform at industry standards, and 2 were low-density diets to test the sensitivity of this feed ingredient. Prior to formulating the diets, it was determined that the DDGS sample had a TME n of 2,805 kcal/kg, 27% CP, and 0.94% lysine [4] . For the first 4 wk of the study, hens were divided into 2 groups and only fed the commercial-grade diets, which contained 0 or 15% DDGS ( Table 1) . The 15% DDGS level was selected as a level higher than what may actually be fed as a means for observing any performance limitations that may occur. These diets were fed from 21 to 25 wk of age to 16 replicates of 16 hens, 256 hens per treatment. The commercial-grade diets were fed to ensure that the hens would reach the Means within a row and diet with no common superscript differ significantly (P < 0.05).
1 DDGS = distillers dried grains plus solubles. recommended BW before being placed on a more sensitive low-density diet, due to the hot summer conditions and the pullets being slightly underweight. At 25 wk of age, 2 additional diets were incorporated into the experiment. The 2 additional diets formulated were low-density diets, lower in protein and energy than that of the commercial-grade diets. The commercial-grade diets were formulated to contain 18.5% protein and a TME n of 2,871 kcal/kg, and the lower-density diets contained 17.0% protein and a TME n of 2,805 kcal/ kg ( Table 1) . Half of the hens being fed the commercial-grade diet with 0% DDGS were switched to the low-density diet, containing 0% DDGS, and half the hens being fed the commercial-grade diet with 15% DDGS were then fed the lowdensity diet with 15% DDGS. Therefore, at 25 wk of age, all 4 diets were each fed to 8 replications of 16 hens until 43 wk of age. The low-density diets were designed to be more sensitive than the commercial grade by allowing any nutritional limitations of DDGS to become evident. When mortality occurred, the hen was weighed, and hen-day egg production and feed intake were adjusted accordingly.
Egg production was measured daily (hen-day production), and egg weights were measured on a weekly basis after all eggs were collected for that day. Feed consumption, feed efficiency, and hen BW were measured at 25, 31, and 43 wk of age. The exterior (shell) quality was tested, using 2 different methods. The 2 tests performed, specific gravity and shell-breaking strength, were conducted at 25, 35, and 43 wk of age. Shellbreaking strength was measured on each individual egg using a texture analyzer [5] with a 5-kg load cell. The test speed was set at 2 mm/s with a 1-g trigger. The eggs were placed in a cradle under the load cell with the air cell pointing up. The load cell applied pressure to the top of the egg until it cracked, and the force required to crack the egg was recorded in newtons. Eggs were also evaluated for interior quality by determining Haugh units and yolk color. Haugh units were measured using the quantum chromodynamics super system [6] . Yolk color was tested using a Minolta colorimeter [7] . The colorimeter takes 3 measurements and averages them into 3 axis values of L* (lightness) for white and black, a* (redness) representing red and green, and b* (yellowness) represents yellow and blue. The L,* a,* and b* values allow for the exact pinpoint of a color in a color sphere. The DDGS used in these diets had a color value of L* = 58.52, a* = 6.38, and b* = 20.48. The color testing of our DDGS sample will allow for future comparisons of other DDGS samples. Research by Cromwell et al. [8] suggests that color may be an indicator of DDGS quality or amino acid availability or both.
Statistical Analysis
Data from all parameters for both the commercial and low-density diets were subjected to AN-FIGURE 1. Effects of feeding distillers dried grains plus solubles (DDGS) in commercial-grade diets to laying hens on hen-day egg production. *Denotes a significant (P < 0.05) difference between the 2 treatments.
OVA procedures for completely randomized designs [9] , and statistical differences were determined through the use of SAS software [10] . Least significant difference test was used to assess any statistical significance of differences among the dietary treatments [9] .
RESULTS AND DISCUSSION
No statistical differences (P > 0.05) in henday egg production or cumulative egg production were observed when hens were fed the commercial-grade diets with 0 or 15% DDGS throughout the 22-wk experiment. However, egg production of hens fed the diet with 15% DDGS was consistently lower through 32 wk of age (Table 2 and Figure 1 ). When hens were fed the low-density diets, there was a significant depression (P < 0.05) in egg production and cumulative egg production from 26 to 34 wk of age due to the 15% level of DDGS (Table 2 and Figure 2 ). However, after 34 wk of age, there was no difference in egg production between the low-density diets with 0 or 15% DDGS (Figure 2 ). There was no difference in egg weights or cumulative mass throughout the duration of the experiment, when hens were fed the commercial or low-density diets, containing either 0 or 15% DDGS (Table 3) .
At the 3 test periods (25, 31, and 43 wk of age), there was no statistical difference (P > 0.05) in feed intake between the commercial and lowdensity diets with 0 or 15% DDGS (Table 4) . Hens fed the low-density diets were expected to have a greater feed intake than hens fed the commercial diet, but this was not observed. This could be partially due to the small difference of only 66 kcal TME/kg between the commercial and low-density diets. In addition, the experiment was initiated during hot summer conditions, which appeared to depress feed intake for all the hens. Under these conditions, it was observed that feed intake did not approach 95 g/bird per day until later in the study. Feed efficiency (kilogram per dozen) was slightly better when diets did not contain DDGS. However, there was no statistical difference (P < 0.05) in feed efficiency between the commercial-grade diets with 0 or 15% DDGS and the low-density control (0% DDGS) during the 22-wk period ( Table 5 ). The depression in egg production when the low-density diet with 15% DDGS was fed resulted in the higher feed efficiency value observed. Body weights were measured throughout the experiment, and no difference was observed between the 4 treatments. The inclusion of 15% DDGS in the commercial or low-density diets had no effect on hen mortality.
There was no difference (P < 0.05) between the 4 treatments for specific gravity and shellbreaking strength (results not shown). A value of 1.08 or above is used by the laying hen industry as an indicator of good shell quality. Hens, fed FIGURE 2. Effects of feeding distillers dried grains plus solubles (DDGS) in low-density diets to laying hens on hen-day egg production. *Denotes a significant (P < 0.05) difference between the 2 treatments.
either the commercial or low-density diet with 0 or 15% DDGS, resulted in a specific gravity value of 1.08 or above. When testing the interior quality of the eggs, there was no statistical difference in Haugh units at 25 and 31wk of age between any 4 of the dietary treatments (Table 6 ). At 43 wk of age, a statistical difference in Haugh units was observed between the hens fed the commercial and low-density diets containing 15% DDGS. However, the hens fed the commercial diet with Means within a row with no common superscript differ significantly (P < 0.05). 15% DDGS only had a numerically higher Haugh unit value at 43 wk of age compared with the commercial control diet. Hughes and Hauge [11] observed improvements in Haugh units when hens were fed diets consisting of 5 and 10% brewers dried grains. Lilburn and Jensen [12] reported that the incorporation of 20% corn fermentation solubles into laying hen diets resulted in a significant improvement of Haugh units. Jensen et al. [13] also observed improved egg quality with the addition of corn fermentables, and Waldroup and Hazen [14] reported a similar response in Haugh units with the use of corn-dried steep liquor concentrate. Based on previous studies, we expected to see improved Haugh units, and the trend toward improved interior egg may have been more pronounced if the experiment were carried out beyond 43 wk of age, when albumen quality usually declines.
A possible effect of DDGS on yolk color is of interest to researchers and producers, considering that DDGS is of corn origin and the xanthophylls in corn are a main contributor of yolk pigmentation. Researchers and producers are concerned that DDGS may supply additional pigment and create a darker yolk than what is desired. At the 3 periods tested there was no observable difference in yolk color between 0 and 15% DDGS for both diet densities ( Table 7) . The L* and b* values are the critical color indicators and are the colors that the human eye can differentiate. At 43 wk of age, there was a statistical difference (P < 0.05) for the a* value only. However, the differences Means within a column with no common superscript differ significantly (P < 0.05). Means within a column with no common superscript differ significantly (P < 0.05). detected were so minor that the human eye would not be able to detect any difference in yolk color.
Matterson et al. [15] performed 2 experiments with laying hens incorporating 0, 10, and 20% DDGS. The DDGS used came from the beverage industry, and the diets were formulated to contain an energy value of approximately 2,900 kcal of ME n /kg. No difference in egg production was observed. Harms et al. [16] incorporated 0 and 10% DDGS (beverage industry) into laying hen rations to which various amounts of methionine were supplemented. No significant difference in egg production was observed regardless of the level of sulfur amino acids supplemented. Considering that our experiment was run during summer conditions with a decrease in feed intake and that the diets were lower in energy may have been the main contributing factor for the depression in egg production, since it can be speculated that the hens were not fully meeting their caloric intake. Means within a column with no common superscript differ significantly (P < 0.05). Another explanation for the initial depression in egg production may be due to the amino acid profile of DDGS. Hughes and Hauges [11] observed that when DDGS was used as the sole source of protein in a broiler diet, there was a slight deficiency in lysine and tryptophan, causing a decrease in performance. The diets herein were formulated on a total amino acid basis, which could have resulted in a lysine or AA deficiency. Also, soybean meal (SBM) has a more preferable amino acid pattern for poultry production than corn. In a normal corn-SBM diet, SBM contributes 75% of the protein. However, when using
CONCLUSIONS AND APPLICATIONS
1. Hens fed a commercial density diet with 15% DDGS had no statistical difference in egg production.
Fifteen percent DDGS inclusion in the low-density diet was excessive for this level of sensitivity, which lead to an obvious depression in egg production. 2. Feeding 15% DDGS to laying hens had no affect on egg weight, yolk color, and exterior or interior egg quality. 3. The maximum inclusion level is suggested to be 10 to 12% for DDGS in a standard (commercial) laying hen diet, based on these data and findings from other researchers. 4. The DDGS have proven to be an acceptable feed ingredient in laying hen diets and might be advantageous to nutritionists in formulating a laying hen diet at a lower cost.
